Abstract: A short and facile synthesis of a series of pyrano [4,3-b]benzofuran-l-one was accomplished in good yields via the inter and intramolecular oxidative coupling reaction of in-situ generated o-benzoquinones with 4-hydroxy-6-methyl-2-pyrone promoted by potassium ferricyanide.
Introduction
Coumestan, otherwise known as 6H-benzofuro[3,2-c]- [l] benzopyran-6-one, comprises a class of naturally occurring products with a variety of biological activities that include phytoestrogenic, antibacterial, antifungal, anti-myotoxic,and phytoalexine effects (1). The importance of these compounds has led many to synthesize a number of these compounds by chemical (2) and electrochemical (3) methods. In this work, oxidation of catechols (la-e), in the presence of 4-hydroxy-6-methyl-2-pyrone (2) as a possible nucleophile in aqueous sodium acetate solution has been performed using potassium ferricyanide as the oxidizing agent. The present work has led to the development of a one pot oxidative method for the synthesis of lH-pyrano [4,3-b] benzofuran-l-one derivatives (4a-c) with similar structures to some melanizing agents such as: trioxsalen and methoxsalen (4), in good yields.
Experimental

General
Cyclic voltammetry was performed using an Autolab model PGSTAT 20 potentiostat/galvanostat. The working electrode used in the voltammetry experiment was a glassy carbon disc (1.8 mm diameter) and platinum wire was used as counter electrode. The working electrode potentials were measured versus SCE (all electrodes from AZAR electrode). All chemicals (catechols and 4-hydroxy-6-methyl-2-pyrone) were reagent-grade materials from Aldrich. Potassium ferricyanide and sodium acetate were of pro-analysis grade from E. Merck. These chemicals were used without further purification.
Typical Procedure
To a stirred solution of sodium acetate 0.2 Μ (for la-d) or acetate buffer 0.2 M, pH= 4.5 (for le), 4-hydroxy-6-methyl-2-pyrone (2) (1 mmol) and potassium ferricyanide (4 mmol) were added. In a dropping funnel, a solution of catechols (la-e)
(1 mmol), in relevant solution, added dropwise to the stirred previous solution over a period of 10-20 min. The solution became dark and precipitates were formed. At the end of the reaction, a few drops of acetic acid were added and the mixture placed in the refrigerator overnight. Solids were collected by filtration and recrystallized from an appropriate solvent. After recrystallization, the products were characterized by comparison of their spectral (IR, 'H NMR, n C NMR) and physical data with the authentic samples.
Characteristic of products lH-Pyrano [4,3-b] benzofuran-l-one, 7,8-dihydroxy-3-methyl (4a). M.p. 268-270 °C (dec.) (Lit. (30 265-267 (dec.) °C). IRfKB,,: 3359, 3250,2901 IRfKB,,: 3359, 3250, , 1705 IRfKB,,: 3359, 3250, , 1600 IRfKB,,: 3359, 3250, , 1550 IRfKB,,: 3359, 3250, , 1480 IRfKB,,: 3359, 3250, , 1345 IRfKB,,: 3359, 3250, , 1285 IRfKB,,: 3359, 3250, ,1226 IRfKB,,: 3359, 3250, , 1200 IRfKB,,: 3359, 3250, ,1085 
Results and discution
The electrochemical study of a 1.0 mM solution of 4-hydroxy-6-methyl-2-pyrone (2) in aqueous solution containing 0.2 Μ sodium acetate as supporting electrolyte, at a bare glassy carbon electrode, has been studied using cyclic voltammetry ( 
Heterocyclic Communications
When catechols (1 mmol) were treated with potassium ferricyanide (4 mmol) (dropwise) in an aqueous solution containing 0.2 Μ sodium acetate, lH-pyrano [4,3-b] benzofiiran-l-one derivatives (4a-c) were obtained in good yields (Scheme 1). In more basic solutions, the formation of anionic forms of catechols that are formed by acid dissociation reaction was enhanced, and the coupling of the anionic forms with o-quinones interfered in the Michael reaction of 4-hydroxy-6-methyl-2-pyrone with the o-quinones. In other words, in aqueous solution containing 0.2 Μ sodium acetate any hydroxylation (5) or dimerization (6) reactions are too slow to interfere in the synthesis of 4a-c. The great advantages of the presented method are: using water as an environmentally friendly solvent, using mild conditions (aqueous sodium acetate), using potassium ferricyanide as a mild, common and available oxidizing agent, short time reaction and good yield of products. The reaction products (4a-c) can also be oxidized at a lower potential than the starting compounds (la-e). However, overoxidation of 4a-c was circumvented during the preparative reaction because of the insolubility of the product in the water/sodium acetate solvent medium. The oxidation of 3,4-dihydroxybenzoic acid (Id), in the presence of 2 proceeds in a similar way to that of la. It seems that the intermolecular and intramolecular 1,4-addition of 2 with a decarboxylation reaction leads to the formation of 4a as final product. In addition, in the oxidation of 4-/eri-buthylcatechol (le), in the presence of 2, due to the existence of a /-butyl group in C-4 position of the catechol ring gives o-quinone 3e as the final product.
Conclusions
These results complete the previous reports on the synthesis of coumestan derivatives (2,3). The overall reaction is presented in Schemes (1). According to our results, it seems that the Michael reaction of nucleophile 2 with formed oquinones leads to the formation of lH-pyrano [4,3-b] benzofuran-I-one derivatives as final products, in good yields and purity (Table I) . Table-1 Oxidation results of catechols in the presence of 4-hydroxy-6-methyl-2-pyrone. . 11, No. 2. 2005 Oxidative coupling of in-situ generated o-beioquinones with 4-hvdroxy-6-methyl- 
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